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LAND RECLAMATION BY REFORESTATION IN THE CENTRAL PYRENEES 
LUIS M. ORTlGOSAl, JasE M. GARCIA-RUIZ 2, AND EUSTAQUIO GIL 2 
ABSTRACT The outmigration that has taken place in the Central Pyrenees since the 1950s has resulted in a great reduction in the rural 
population and the abandonment of extensive areas. Reforestation has been undertaken by various authorities to ensure the reclama-
tion of this land. This paper discusses the recent history of reforestation, the techniques used, and the environmental factors involved. 
It concludes with an overview of the results of these policies and the success in creating new forested land. 
RÉSUMÉ Mise en valeur des terres par reboisement dans les Pyrénées centrales. L'émigration que s'est produite dans les Pyrénées centrales depuis 
les années 1950 a provoqué une baisee importante de la population rurale et l'abandon de grandes étendues de terrain. Le reboisement 
a été entrepris par divers organismes pour assurer la mise en valeur de ces terres. Cet article examine l'historique récent du reboise-
ment, les techniques utilisées, et les facteurs environnementaux mis en jeu. Il conclut en passant en revue les résultats de cette politi-
que et la mesure dans laquelle celle-ci a réussi a créer de nouvelles fod~ts. 
ZUSAMMENFASSUNG Landrüchgewinnung durch Aufforstung in den Zentralpyreniien. Seit den 50er J ahren führt Abwanderung in den Zentral-
pyrenaen zu einem starken Rückgang in der Landbevolkerungszahl, und ausgedehnte Landgebiete wurden verlassen. Zur Rück-
gewinnung die ser Landflachen haben verschiedene Behorden Anstrengungen zur Aufforstung übernommen. Dieser Beitrag diskutiert 
neuere Entwicklungen bei der Aufforstung, die dabei angewandten Methoden und die zu berücksichtigenden Umweltfaktoren. Eine 
Prognose über die Ergebnisse solcher Unternehmungen und ihre Erfolgschancen bei der Schaffung neuer Waldflachen wird gegeben. 
RESUMEN Restauraci6n del territorio mediante la riforestación en los Pirineos Centrales. Desde la década de los cincuenta, el inicio de la más 
acusada emigración, redujo la población rural y con ella el abandono de las áreas de utilización más extensiva. Para asegurar la 
restauración del territorio vacío, diversos tipos de administración tomaron a su cargo la referida tarea. En el presente estudio, se relata 
la historia reciente de dicha labor de reforestación, las técnicas utilizadas y los factores ambientales implicados. Se concluye con una 
revisión de resultadoes referidos a dicha política y comentando los logros en la ejecución de tal labor de repoblación forestal. 
LAND RECLAMATION BY REFORESTATION IN THE CENTRAL PYRENEES 
Since 1940 intensive reforestation has occurred in many 
of the mountain regions of Spain. Reforestation policies 
were introduced to meet a number of needs: 
1. to create work for many unemployed persons following 
the end of the Spanish Civil War; 
2. to control the hydrologic and geomorphic processes of 
slope eros ion over large areas of open land with very lit-
tle vegetative cover, especially in the south and Mediter-
ranean regions that have suffered from human exploita-
tion for centuries; 
3. to improve the resource use of land that has been aban-
doned as the population moved away; in areas that have 
been completely abandoned institutional intervention 
to introduce reforestation measures is unobstructed; 
4. to achieve self-sufficiency in the supply of pulp and 
paper resources, especially immediately after the Civil 
War; this need promoted the introduction offast grow-
mg species. 
These were the environmental and economic reasons 
behind the reforestation policies that were often the only 
State measures introduced, especially in extensive are as of 
the Spanish Pyrenees and to the south in the Prepyrenees. 
The effects of these policies on the ecosystems, from hydro-
logic and geomorphic view points, as well as from the bio-
geographical and land-use aspects, were remarkable. The 
effects on erosive processes and sediment transfer have 
been documented by Law (1956), Painter el al., (1974), and 
Murgatroyd and Ternan (1979); on the hydrology ofslopes 
by Binns (1979); on land-use changes by Garcia-Ruiz 
(1976), and Valenzuela (1973); and the effects ofreforesta-
tion on soil evolution have been discussed by Velasco and 
Albareda (1965) and Velasco (1968). This paper describes 
sorne of the chief characteristics of reforestation (tech-
niques and species used) and the are as where it has been 
applied. To conclude, the primary results of extensive 
research by the Instituto Pirenaico de Ecologia on the 
diversity of growth related to environmental factors are 
discussed. 
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REFORESTATION POLICIES 
Although there were forerunners, the present reforesta-
tion policies were introduced into Spain in 1940 by the 
Forest Administration (known as Patrimonio Forestal del 
Estado until 1971 and then as Instituto para la Conserva-
cion de la Naturaleza-ICONA, Institute for Nature Con-
servation). At first, the effects in the Pyrenees were 
minimal, as the first reforestation plans were not carried 
out until 1946-1950 and they were not very important. 
After 1951 reforestation was intensified, sometimes involv-
ing entire townships, and it reached its maximum between 
1956 and 1965. Since then it has decreased, partially due to 
budgeting problems, and partly because it proved difficult 
to reforest sorne very extensive areas as the remaining in-
habitants continued to cultivate the land. In addition, 
public opinion, occasionally supported by scientists, has 
maintained an increasing opposition to reforestation 
policies. The period of maximum activity in the high Pyre-
nean valleys occurred slightly before that in the Pre-
pyrenees. 
Reforestation has been carried out on mountain lands 
under different ownership regimes. Initially, the State 
Forestry Department operated in areas that were State 
owned. Parallel to this, and later, they began to acquire 
private property and to expropriate communalland. Fin-
ally, they also established arrangements with the owners, 
generally town councils, to carry out reforestation; 
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through such arrangements (consorcios) the State undertook 
replanting, but the property still belonged to the township 
and, as wood began to be produced, the profits were 
shared. However, replantation was most successful in 
those areas acquired by the State and the number of agree-
ments with town councils has declined in recent years due 
to the local population's opposition to the loss of their com-
munalland. 
TREE SPECIES 
In the Spanish Pyrenees, as in most of Spain, reforesta-
tion has been based mainly on several pine species, but in 
sorne regions both public bodies and private owners have 
favored the use ofEucalyptus. The preference for pines is, 
first, because they are fast-growing trees and, in theory, 
lead to a quick soil hydrologic restoration and the forma-
tion of a protective vegetative cover. Secondly, the harvest-
ing cycles are relatively short and there is a ready market 
for the wood in Spain, so it is a profitable choice. Finally, 
the diverse pine species are very adaptable to the ecological 
conditions of the Pyrenees where extensive natural pine 
forest exists. Moreover, the are as subject to reforestation 
are not in optimum condition; most soils are highly eroded 
and on slopes rain water runoff is more prevalent than infil-
tration; planting of pines is less risky here as they serve as a 
pioneer species on waste land. 
Figure 1 shows the proportion of the different pine 
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FIGURE 1. Species used for reforestation in the Central Pyrenees. 
species in the Pyrenees, accordingto data compiled by Val-
enzuela (1973) and Garcia-Ruiz (1976). There is a distinc-
tion between the high Pyrenean valleys to the north and the 
Prepyrenean region to the south; this is because of differing 
climatic and land-use conditions. In the high valleys Pinus 
sylvestris is predominant over Pinus nigra, while Pinus 
uncinata is found in small areas of the high -altitude slopes. 
In the Prepyrenees, on the other hand, Pinus nigra is the 
more important, and south-facing slopes and Mediterra-
nean locations have been reforested by plantings of Pinus 
halepensis. Climatic factors underlie these differences, since 
in the high valleys precipitation is greater and the mean 
and extreme temperatures are lower; theoretically this 
makes Pinus sylvestris the preferred species. The Prepyre-
nean region is more Mediterranean and he re Pinus nigra is 
used. At the locallevel, sunny slopes, are replanted only 
with Pinus nigra, especially at the lower levels; shady slopes 
and higher ones in sunny locations retain Pinus sylvestris 
plantings. Thus, topographical discrimination affects the 
spatial distribution of different tree species. 
PLANTING TECHNIQUES 
The first plantations were made by a system of digging 
holes (hollowing) and this method required abundant man-
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power. Plantations were usually small, although hundreds 
of hectares were planted by this method. In the 1950s and 
1960s oxen were used to dig furrows parallel to the con tour 
lines and thus ease the task of planting. The advantage of 
this system was that there was less impact on the landscape, 
as the soil was tilled in a very local manner with no 
traumatic response. However, there was a major problem 
in the availability of oxen; the State Forestry Department 
had to buy and sustain them and this was an inconveni-
ence. Furrowing still required manpower although it was 
les s time-consuming than hollowing. In the late 1960s, 
caterpillar tractor s and bulldozers were introduced to con-
struct strip s or terraces, consisting of a bench of several 
meters, a ridge on the border where the material from the 
terrace was accumulated, and a drop to the next terrace 
where generally the original shape and vegetation re-
mained. Replanting by this method was much faster and 
required considerably less manpower-an important fac-
tor in regions undergoing depopulation. However, terrac-
ing alters the edaphic horizons. The upper horizons are 
eroded and accumulate on the next lower terrace leaving 
the C horizon exposed. When reforestation is very exten-
sive the impact on the landscape is extreme and recovery 
takes a long time. 
CHARACTERISTICS OF REFORESTED AREAS 
Below 1,800 m a. s.1., reforested areas are visible over 
almost all the Pyrenean range. Yet a closer approach indi-
cates that reforestation tends to be clustered around the 
Central Pyrenees and is not so frequent in the Western 
Pyrenees. Even within the Central Pyrenees, the more 
southerly sections have been extensively affected by 
reforestation policies compared with those in the north. 
This is due mainly to climatic influences and the land-use 
system. 
In the Pyrenees a double climate gradient is found. In 
the first instance, Atlantic influences decrease from west to 
east and Mediterranean influences increase: the Central 
Pyrenees exhibit a strong degree of continentality, with 
reduced precipitation and higher summer temperatures 
(Creus, 1983). In the second instance, there is a pro-
nounced decrease in altitude from north to south, and in 
moisture from the north and northwest as the successive 
mountain ranges progressively block precipitation. This 
creates an accumulative rain shadow effect which produces 
a notable de crease in average precipitation while tempera-
ture and aridity in summer rise rapidly. As a consequence, 
the Western Pyrenees have a dense forest cover and greater 
potential for recuperation ofvegetation on slopes degraded 
by human activity. 
In the Central Pyrenees, however, after centuries of 
human exploitation, the forest has been relegated to mid-
and high-valley slopes, and in the south to shaded slopes 
only. The recovery of abandoned land is more difficult due 
to extensive stony ground and the lack of water-retaining 
properties ofthe soils. Therefore, degradation ofthe land-
scape is most critical in the Prepyrenees, is less serious in 
the high valleys, and of least concern m the Western 
Pyrenees. 
Present and traditional land-use patterns also serve to 
explain the distribution of reforestation. Historically, on 
the lower slopes of the Pyrenean valleys agriculture was the 
major activity; many areas were stable, terraced and per-
manently cultivated, while others with less favorable topo-
graphy were used only occasionally and are now aban-
doned. Very few forests remain and these have thin soil; 
vegetative recovery rates are slow, water infiltration is 
minimal, and there are long summer droughts. These are 
the are as selected by the Forest Administration for hydro-
logic restoration. 
These regions have also suffered rapid depopulation, 
losing more than 75 percent of their inhabitants during the 
twentieth century (Garcia-Ruiz, 1976). Agricultural ac-
tivity is restricted to valley bottoms and perched flats, and 
elsewhere the land is being exploited by an extensive live-
stock-raising system with sheep now replaced by beef 
cattle. In an area with a highly degraded landscape, signifi-
cant outmigration and an aging population, together with 
extensive land use, the State authorities have no obstacles 
to their reforestation policies. 
Figure 2 shows the distribution of reforested areas in the 
Prepyrenees. In 1970, 22.7 percent ofthe land was con-
trolled by the Forest Administration. The map indicates 
that sorne areas of reforestation are huge, and cover land 
once occupied by villages. The lower sections of high 
valleys have also been reforested. In sorne instances, such 
as in the Garcipollera, Guarga, and La Solana valleys, an 
integrated project involved the whole river basin and even 
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REFORESTATION POLICIES 
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tion policies were introduced into Spain in 1940 by the 
Forest Administration (known as Patrimonio Forestal del 
Estado until 1971 and then as Instituto para la Conserva-
cion de la Naturaleza-ICONA, Institute for Nature Con-
servation). At first, the effects in the Pyrenees were 
minimal, as the first reforestation plans were not carried 
out until 1946-1950 and they were not very important. 
After 1951 reforestation was intensified, sometimes involv-
ing entire townships, and it reached its maximum between 
1956 and 1965. Since then it has decreased, partially due to 
budgeting problems, and partly because it proved difficult 
to reforest sorne very extensive areas as the remaining in-
habitants continued to cultivate the land. In addition, 
public opinion, occasionally supported by scientists, has 
maintained an increasing opposition to reforestation 
policies. The period of maximum activity in the high Pyre-
nean valleys occurred slightly before that in the Pre-
pyrenees. 
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under different ownership regimes. Initially, the State 
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owned. Parallel to this, and later, they began to acquire 
private property and to expropriate communalland. Fin-
ally, they also established arrangements with the owners, 
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through such arrangements (consorcios) the State undertook 
replanting, but the property still belonged to the township 
and, as wood began to be produced, the profits were 
shared. However, replantation was most successful in 
those areas acquired by the State and the number of agree-
ments with town councils has declined in recent years due 
to the local population's opposition to the loss of their com-
munalland. 
TREE SPECIES 
In the Spanish Pyrenees, as in most of Spain, reforesta-
tion has been based mainly on several pine species, but in 
sorne regions both public bodies and private owners have 
favored the use ofEucalyptus. The preference for pines is, 
first, because they are fast-growing trees and, in theory, 
lead to a quick soil hydrologic restoration and the forma-
tion of a protective vegetative cover. Secondly, the harvest-
ing cycles are relatively short and there is a ready market 
for the wood in Spain, so it is a profitable choice. Finally, 
the diverse pine species are very adaptable to the ecological 
conditions of the Pyrenees where extensive natural pine 
forest exists. Moreover, the are as subject to reforestation 
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and on slopes rain water runoff is more prevalent than infil-
tration; planting of pines is less risky here as they serve as a 
pioneer species on waste land. 
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FIGURE 1. Species used for reforestation in the Central Pyrenees. 
species in the Pyrenees, accordingto data compiled by Val-
enzuela (1973) and Garcia-Ruiz (1976). There is a distinc-
tion between the high Pyrenean valleys to the north and the 
Prepyrenean region to the south; this is because of differing 
climatic and land-use conditions. In the high valleys Pinus 
sylvestris is predominant over Pinus nigra, while Pinus 
uncinata is found in small areas of the high -altitude slopes. 
In the Prepyrenees, on the other hand, Pinus nigra is the 
more important, and south-facing slopes and Mediterra-
nean locations have been reforested by plantings of Pinus 
halepensis. Climatic factors underlie these differences, since 
in the high valleys precipitation is greater and the mean 
and extreme temperatures are lower; theoretically this 
makes Pinus sylvestris the preferred species. The Prepyre-
nean region is more Mediterranean and he re Pinus nigra is 
used. At the locallevel, sunny slopes, are replanted only 
with Pinus nigra, especially at the lower levels; shady slopes 
and higher ones in sunny locations retain Pinus sylvestris 
plantings. Thus, topographical discrimination affects the 
spatial distribution of different tree species. 
PLANTING TECHNIQUES 
The first plantations were made by a system of digging 
holes (hollowing) and this method required abundant man-
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power. Plantations were usually small, although hundreds 
of hectares were planted by this method. In the 1950s and 
1960s oxen were used to dig furrows parallel to the con tour 
lines and thus ease the task of planting. The advantage of 
this system was that there was less impact on the landscape, 
as the soil was tilled in a very local manner with no 
traumatic response. However, there was a major problem 
in the availability of oxen; the State Forestry Department 
had to buy and sustain them and this was an inconveni-
ence. Furrowing still required manpower although it was 
les s time-consuming than hollowing. In the late 1960s, 
caterpillar tractor s and bulldozers were introduced to con-
struct strip s or terraces, consisting of a bench of several 
meters, a ridge on the border where the material from the 
terrace was accumulated, and a drop to the next terrace 
where generally the original shape and vegetation re-
mained. Replanting by this method was much faster and 
required considerably less manpower-an important fac-
tor in regions undergoing depopulation. However, terrac-
ing alters the edaphic horizons. The upper horizons are 
eroded and accumulate on the next lower terrace leaving 
the C horizon exposed. When reforestation is very exten-
sive the impact on the landscape is extreme and recovery 
takes a long time. 
CHARACTERISTICS OF REFORESTED AREAS 
Below 1,800 m a. s.1., reforested areas are visible over 
almost all the Pyrenean range. Yet a closer approach indi-
cates that reforestation tends to be clustered around the 
Central Pyrenees and is not so frequent in the Western 
Pyrenees. Even within the Central Pyrenees, the more 
southerly sections have been extensively affected by 
reforestation policies compared with those in the north. 
This is due mainly to climatic influences and the land-use 
system. 
In the Pyrenees a double climate gradient is found. In 
the first instance, Atlantic influences decrease from west to 
east and Mediterranean influences increase: the Central 
Pyrenees exhibit a strong degree of continentality, with 
reduced precipitation and higher summer temperatures 
(Creus, 1983). In the second instance, there is a pro-
nounced decrease in altitude from north to south, and in 
moisture from the north and northwest as the successive 
mountain ranges progressively block precipitation. This 
creates an accumulative rain shadow effect which produces 
a notable de crease in average precipitation while tempera-
ture and aridity in summer rise rapidly. As a consequence, 
the Western Pyrenees have a dense forest cover and greater 
potential for recuperation ofvegetation on slopes degraded 
by human activity. 
In the Central Pyrenees, however, after centuries of 
human exploitation, the forest has been relegated to mid-
and high-valley slopes, and in the south to shaded slopes 
only. The recovery of abandoned land is more difficult due 
to extensive stony ground and the lack of water-retaining 
properties ofthe soils. Therefore, degradation ofthe land-
scape is most critical in the Prepyrenees, is less serious in 
the high valleys, and of least concern m the Western 
Pyrenees. 
Present and traditional land-use patterns also serve to 
explain the distribution of reforestation. Historically, on 
the lower slopes of the Pyrenean valleys agriculture was the 
major activity; many areas were stable, terraced and per-
manently cultivated, while others with less favorable topo-
graphy were used only occasionally and are now aban-
doned. Very few forests remain and these have thin soil; 
vegetative recovery rates are slow, water infiltration is 
minimal, and there are long summer droughts. These are 
the are as selected by the Forest Administration for hydro-
logic restoration. 
These regions have also suffered rapid depopulation, 
losing more than 75 percent of their inhabitants during the 
twentieth century (Garcia-Ruiz, 1976). Agricultural ac-
tivity is restricted to valley bottoms and perched flats, and 
elsewhere the land is being exploited by an extensive live-
stock-raising system with sheep now replaced by beef 
cattle. In an area with a highly degraded landscape, signifi-
cant outmigration and an aging population, together with 
extensive land use, the State authorities have no obstacles 
to their reforestation policies. 
Figure 2 shows the distribution of reforested areas in the 
Prepyrenees. In 1970, 22.7 percent ofthe land was con-
trolled by the Forest Administration. The map indicates 
that sorne areas of reforestation are huge, and cover land 
once occupied by villages. The lower sections of high 
valleys have also been reforested. In sorne instances, such 
as in the Garcipollera, Guarga, and La Solana valleys, an 
integrated project involved the whole river basin and even 
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FIGURE 2. Areas of reforestation in the Prepyrenees. 
riverbed restoration was included; sometimes large areas 
were expropriated and the population was forced to 
emigrate. In other instances, the activities were more 
specific in small or isolated units, usually in little used and 
degraded areas; here there were no expropriations but 
rather arrangements with the town councils or direct pur-
chase from private owners. 
Most reforested areas (70%) are found below 1,100 m 
and almost half (44%) lie between 800 and 1,100 m, the 
belt traditionally exploited in the Central Pyrenees. The 
frequency of reforestation decreases remarkably at higher 
altitudes and the steeper slopes are hardly affected. Refor-
estation on slopes with gradients of less than 10 percent 
represents 42 percent of the total. This may seem surpris-
ing but the Forest Administration schemes involved flat 
valley bottoms and gentle slopes that had been cultivated in 
the pasto Very steep slopes are seldom forested and where 
.......... ~.:: 
\""" 
forests do exist they are often so degraded that recovery is 
impossible. Many of the reforestation schemes have be en 
carried out on sandstone, clay, and silt alternatively; flysch 
slopes are also widely used while marls, which are generally 
intensively cultivated, have hardly been affected. 
Reforestation projects on dam sites have somewhat dif-
ferent characteristics: the immediate objectives are to 
reduce sediment accumulation in order to prolong the life 
of the dam. In sorne instances, such as that of the Yesa 
Dam, emigration led to abandonment of agriculture and 
the land fell into the hands of the State through expropria-
tion. Sorne of these are as of forest are very old, and even 
predate the Spanish Civil War; they are managed by the 
Ebro Hydrographical Confederation, an institution dedi-
cated to dam construction. This Confederation acquired 
several properties in the La Pena basin (Gallego River) and 
reforested them with pine. 
THE RESULTS OF REFORESTATION POLICIES 
Most of the reforestation projects have affected large 
are as of land with very diverse environmental features. 
One would expect, therefore, that the projects would have 
important economic and social effects and also demon-
strate great variability in degree of success. At the same 
time, sorne geomorphic consequences are evident although 
there is a lack of quantitative data. 
From a socio-economic point of view, changes in land 
use relate to the area that is reforested and also to the agri-
cultural practices of the local people. For instance, cattle 
are banned from reforested land for a number of years, 
sometimes up to twenty years, to prevent damage to the 
young trees. Grazing systems must therefore be changed 
and it may not be possible to maintain the same number of 
cattle. Farmers must keep close watch on the livestock and 
this may be difficult in the extensive system which prevails, 
especially as it is based on beef cattle. This in turn may 
cause discontent amongst the villagers and encourage them 
to leave. In sorne extreme cases, State authorities pro-
moted total abandonment of the land when a large reforest-
ation project was undertaken. 
When grazing is forbidden for several years the pastures 
decline in quality (Montserrat, 1964). In those areas af-
fected by reforestation, the preferred herbaceous species 
decline in both quality and number. By using the "com-
plex" method of Sostaric and Kovacevik (1974) to .deter-
mine pasture quality, it is concluded that pasture m un-
changed are as (that is, under conditions similar to the 
original ones) is oflow quality but in areas where the land 
use has be en altered it is of even poorer quality. This con-
firms that forestation has a negative effect on sustainable 
productivity. State authorities do not always take this fac-
tor into account when making decisions. 
During the decade of maximum activity (1956-1965) re-
forestation schemes provided wage labor for the local 
population and this resulted in a temporary increase in the 
standard ofliving. However, those people who had beco me 
accustomed to a regular income moved away from the area 
as soon as the employment opportunity ended. By the 
1970s there was almost none ofthe inhabitants remaining 
and new reforestation projects required temporary 
laborers from other townships, or even from southern 
Spain (Garcia-Ruiz, 1976). 
Most ofthe plantations are now more than fifteen years 
old and reliable datahave become available. In the Central 
Pyrenees, 110 reforested plots were studied; trees, chosen 
at random, were measured and the mean annual growth 
rate was determined; Figure 3 shows the frequency 
distribution of these observations. Somewhat more than 
ten percent of the plots show stunted tree growth, and a 
similar percentage show optimum growth. Over 50 per-
cent of the plots had an average growth of 10-20 cm per 
year, regarded as slightly inferior t? that expec:ed in. the 
region. Zottl and Velasco (1966) pomt out that m reglOns 
with a humid or moderately dry climate (as in the Central 
Pyrenees) poor productivity is caused by lack of nit.rogen in 
the soil and probably also by a shortage of potassmm and 
phosphorous. 
Considering that average tree size and age correlate 
strongly according to a linear function 1, the residuals from 
the regression of tree height against the age of the planta-
tion represent the relative weight of tree growth (Figure 4). 
Thus, the remaining adjustments were used to contrast 
unequal tree growth ofthe plots. Later, by using a one-way 
analysis of variance (ANOVA) tree-growth rates and the 
different factors probably influencing them were com-
pared. Field observations also gave data on the techniques 
employed (furrows or terraces), exposure, gradient, rocky 
substrate, and topographic position on the slope (crest-
lines, upper, medium, and lower slope sections). The most 
significant results were obtained from the study of topo-
graphy and techniques. 
On average, for all slopes there is a progressive increase 
in tree growth from the crest toward the base. At the foot of 
the slope there is a secondary reduction in tree growth. 
Such a phenomenon can be related mainly to moisture dis-
tribution over the slope and to its hydrologic functioning. 
The upper slopes produce water and material and have lit-
tle capacity for water retention for the soils are thin. 
1 The linear function is of the type y ~ a + bx, the independent variable 
being reforestation age, and y the average size observed on the trees of 
each plot. 
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FIGURE 3. The number and mean annual growth rate of reforested 
plots in the Central Pyrenees. 
Toward the lower sections, water and nutrients are sup-
plied from the upper areas, partly through the subsurface 
level, and summer drought is better withstood. Yet, 
although the lower parts may be expected to be the most 
fertile, this is not so. Many lower slopes have suffered 
severe human pressure from farming and this has resulted 
in loss of the upper soillayer due to excessive runoff; also 
they are usually areas close to main channels where gullies 
have caused environmental damage. 
Although sorne lower slopes appear to be well preserved 
and have abundant tree growth, the more frequent occur-
rence of degraded land reduces the numerical tabulation of 
average tree growth. . . 
When the techniques of replanting are studred, rt can be 
observed that generally reforestation by furrowing gives 
better results than reforestation by terracing, even though 
the differences are not always significant. This tendency 
may be due to the alteration to soils by terracing as the most 
fertile horizon is displaced toward the terrace border. 
When topography is included in the analysis, it see~s that 
terracing may give better results on upper slopes while fu~­
rowing is preferable elsewhere. This ~ay be becallse sorl 
water stress is greater close to the crestlmes an~ thet~rrace 
system allows the retention of a greater proportlOn .of 
by preventing runoff; downslope, the more 
ologic conditions are counterb~lan~ed by 
tion as water is no longer the lUJ.HLJLllf'> 
Rock type is seldom a significant 1""_~~"'~ 
growth after reforestation. 
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confirmation of the hydrologic 
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FIGURE 2. Areas of reforestation in the Prepyrenees. 
riverbed restoration was included; sometimes large areas 
were expropriated and the population was forced to 
emigrate. In other instances, the activities were more 
specific in small or isolated units, usually in little used and 
degraded areas; here there were no expropriations but 
rather arrangements with the town councils or direct pur-
chase from private owners. 
Most reforested areas (70%) are found below 1,100 m 
and almost half (44%) lie between 800 and 1,100 m, the 
belt traditionally exploited in the Central Pyrenees. The 
frequency of reforestation decreases remarkably at higher 
altitudes and the steeper slopes are hardly affected. Refor-
estation on slopes with gradients of less than 10 percent 
represents 42 percent of the total. This may seem surpris-
ing but the Forest Administration schemes involved flat 
valley bottoms and gentle slopes that had been cultivated in 
the pasto Very steep slopes are seldom forested and where 
.......... ~.:: 
\""" 
forests do exist they are often so degraded that recovery is 
impossible. Many of the reforestation schemes have be en 
carried out on sandstone, clay, and silt alternatively; flysch 
slopes are also widely used while marls, which are generally 
intensively cultivated, have hardly been affected. 
Reforestation projects on dam sites have somewhat dif-
ferent characteristics: the immediate objectives are to 
reduce sediment accumulation in order to prolong the life 
of the dam. In sorne instances, such as that of the Yesa 
Dam, emigration led to abandonment of agriculture and 
the land fell into the hands of the State through expropria-
tion. Sorne of these are as of forest are very old, and even 
predate the Spanish Civil War; they are managed by the 
Ebro Hydrographical Confederation, an institution dedi-
cated to dam construction. This Confederation acquired 
several properties in the La Pena basin (Gallego River) and 
reforested them with pine. 
THE RESULTS OF REFORESTATION POLICIES 
Most of the reforestation projects have affected large 
are as of land with very diverse environmental features. 
One would expect, therefore, that the projects would have 
important economic and social effects and also demon-
strate great variability in degree of success. At the same 
time, sorne geomorphic consequences are evident although 
there is a lack of quantitative data. 
From a socio-economic point of view, changes in land 
use relate to the area that is reforested and also to the agri-
cultural practices of the local people. For instance, cattle 
are banned from reforested land for a number of years, 
sometimes up to twenty years, to prevent damage to the 
young trees. Grazing systems must therefore be changed 
and it may not be possible to maintain the same number of 
cattle. Farmers must keep close watch on the livestock and 
this may be difficult in the extensive system which prevails, 
especially as it is based on beef cattle. This in turn may 
cause discontent amongst the villagers and encourage them 
to leave. In sorne extreme cases, State authorities pro-
moted total abandonment of the land when a large reforest-
ation project was undertaken. 
When grazing is forbidden for several years the pastures 
decline in quality (Montserrat, 1964). In those areas af-
fected by reforestation, the preferred herbaceous species 
decline in both quality and number. By using the "com-
plex" method of Sostaric and Kovacevik (1974) to .deter-
mine pasture quality, it is concluded that pasture m un-
changed are as (that is, under conditions similar to the 
original ones) is oflow quality but in areas where the land 
use has be en altered it is of even poorer quality. This con-
firms that forestation has a negative effect on sustainable 
productivity. State authorities do not always take this fac-
tor into account when making decisions. 
During the decade of maximum activity (1956-1965) re-
forestation schemes provided wage labor for the local 
population and this resulted in a temporary increase in the 
standard ofliving. However, those people who had beco me 
accustomed to a regular income moved away from the area 
as soon as the employment opportunity ended. By the 
1970s there was almost none ofthe inhabitants remaining 
and new reforestation projects required temporary 
laborers from other townships, or even from southern 
Spain (Garcia-Ruiz, 1976). 
Most ofthe plantations are now more than fifteen years 
old and reliable datahave become available. In the Central 
Pyrenees, 110 reforested plots were studied; trees, chosen 
at random, were measured and the mean annual growth 
rate was determined; Figure 3 shows the frequency 
distribution of these observations. Somewhat more than 
ten percent of the plots show stunted tree growth, and a 
similar percentage show optimum growth. Over 50 per-
cent of the plots had an average growth of 10-20 cm per 
year, regarded as slightly inferior t? that expec:ed in. the 
region. Zottl and Velasco (1966) pomt out that m reglOns 
with a humid or moderately dry climate (as in the Central 
Pyrenees) poor productivity is caused by lack of nit.rogen in 
the soil and probably also by a shortage of potassmm and 
phosphorous. 
Considering that average tree size and age correlate 
strongly according to a linear function 1, the residuals from 
the regression of tree height against the age of the planta-
tion represent the relative weight of tree growth (Figure 4). 
Thus, the remaining adjustments were used to contrast 
unequal tree growth ofthe plots. Later, by using a one-way 
analysis of variance (ANOVA) tree-growth rates and the 
different factors probably influencing them were com-
pared. Field observations also gave data on the techniques 
employed (furrows or terraces), exposure, gradient, rocky 
substrate, and topographic position on the slope (crest-
lines, upper, medium, and lower slope sections). The most 
significant results were obtained from the study of topo-
graphy and techniques. 
On average, for all slopes there is a progressive increase 
in tree growth from the crest toward the base. At the foot of 
the slope there is a secondary reduction in tree growth. 
Such a phenomenon can be related mainly to moisture dis-
tribution over the slope and to its hydrologic functioning. 
The upper slopes produce water and material and have lit-
tle capacity for water retention for the soils are thin. 
1 The linear function is of the type y ~ a + bx, the independent variable 
being reforestation age, and y the average size observed on the trees of 
each plot. 
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FIGURE 4. The relationship between mean height and age of reforested pines. 
tion of the need to establish a more effective plantation 
system. Another significant result, althought of great com-
plexity, is the fact that on sandy substrate, furrows are 
more suitable than terraces, while all techniques are equal-
ly effective on day substrates. This is probably because the 
thin layer of soil on sandy substrates is easily destroyed by 
the machinery used in building the terraces; on the other 
hand, when a sandy substrate supports deep soils, it is of 
top quality and therefore becomes strongly affected by sud-
den alteration; those soils lying on days are inherently 
poor, and terrace construction incurs no damage. 
Finally, it is not easy to relate the diverse effects of refor-
estation to geomorphic factors. In a study of Pyrenean 
flysch slopes, Garcia-Ruiz and Puigdefabregas (1982) con-
duded that erosion phenomena are more frequent and in-
tense: (i) on those slopes formerly under cultivation and 
subsequently abandoned; (ii) on slopes that are undergoing 
a process ofbrushwood revegetation, and (iii) on reforested 
slopes. 
This does not imply that reforestation projects are re-
sponsible for such geomorphic activity; but at least it can be 
conduded that replanting cannot prevent completely high-
magnitude events, especially mass movements. Sorne slip-
page processes also seem to be accelerated by terrace con-
struction, especially on very steep slopes and day sub-
strates, where Atterberg limits are soon reached. Other 
authors (Binns, 1979) point out that in the primary stages, 
reforestation results in an increase in the transfer of solid 
material to river beds owing to environmental disturbance; 
yet, only a few years later sediment concentration is much 
less. Murgatroyd and Ternan (1983) do not refer to the 
hydrologic behavior of reforested slopes, although they 
mention an intensification of river bank erosion in Great 
Britain, phenomena that we consider inapplicable to sub-
Mediterranean regions. 
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Reforestation with construction of furrows 
and ridges on marly soils; seventeen years 
after planting there is a good growth of Pinus 
nigra. 
Reforestation by furrowing in the southern-
most part of the Pyrenees; the photograph 
shows the topographic modification used in 
this technique, with a low ridge to retain 
overland flow. 
Reforestation in the Garcipollera Valley; the 
entire valley was replanted with Pinus nigra 
and P. sylvestris during the 1960s; the valley 
sides were cultivated until the general aban-
donment of the region; severe sheet wash ero-
sion and mass movement are evident now. 
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the machinery used in building the terraces; on the other 
hand, when a sandy substrate supports deep soils, it is of 
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den alteration; those soils lying on days are inherently 
poor, and terrace construction incurs no damage. 
Finally, it is not easy to relate the diverse effects of refor-
estation to geomorphic factors. In a study of Pyrenean 
flysch slopes, Garcia-Ruiz and Puigdefabregas (1982) con-
duded that erosion phenomena are more frequent and in-
tense: (i) on those slopes formerly under cultivation and 
subsequently abandoned; (ii) on slopes that are undergoing 
a process ofbrushwood revegetation, and (iii) on reforested 
slopes. 
This does not imply that reforestation projects are re-
sponsible for such geomorphic activity; but at least it can be 
conduded that replanting cannot prevent completely high-
magnitude events, especially mass movements. Sorne slip-
page processes also seem to be accelerated by terrace con-
struction, especially on very steep slopes and day sub-
strates, where Atterberg limits are soon reached. Other 
authors (Binns, 1979) point out that in the primary stages, 
reforestation results in an increase in the transfer of solid 
material to river beds owing to environmental disturbance; 
yet, only a few years later sediment concentration is much 
less. Murgatroyd and Ternan (1983) do not refer to the 
hydrologic behavior of reforested slopes, although they 
mention an intensification of river bank erosion in Great 
Britain, phenomena that we consider inapplicable to sub-
Mediterranean regions. 
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CONCLUSIONS 
Reforestation is probably the method most frequently 
chosen by public authorities to resuscitate marginal 
regions that have been severely degraded by traditional 
land-use practices and are experiencing rapid depopula-
tion. In the Spanish Pyrenees during the last thirty years, 
and especially in the 1960s and 1970s, the abandonment of 
land and serious erosion led to extensive reforestation, in-
volving over 25 percent of the area. The most affected 
region is the Prepyrenees, due to the more Mediterranean 
climate and the large are a of lower, sunny slopes of the 
high valleys. After 1975, reforestation decreased owing to 
the strong protests of the local population and conserva-
tion associations. The only species introduced into the 
Pyrenees were pine, planted first by the "hollow" system, 
later by furrowing, and more recently by terracing with 
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